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Abstract. We report on a multiwavelength survey of a sample of 42
flat-spectrum radio-loud narrow-line Seyfert 1 galaxies (RLNLS1s). This
is the largest known sample of this type of active galactic nucleus (AGN)
to date. We found that 17% of sources were detected at high-energy
gamma rays (E > 100 MeV), and 90% at X-rays (0.3 − 10 keV). The
masses of the central black holes are in the range ∼ 106−8M⊙, smaller
than the values of blazars. The disk luminosities are about 1 − 49% of
the Eddington value, with one outlier at 0.3%, comparable with the lumi-
nosities observed in flat-spectrum radio quasars (FSRQs). The jet powers
are ∼ 1042−46 erg s−1, comparable with BL Lac Objects, yet relatively
smaller than FSRQs. However, once renormalized by the mass of the
central black hole, the jet powers of RLNLS1s, BL Lacs, and FSRQs are
consistent each other, indicating the scalability of the jets. We found
episodes of extreme variability at high energies on time scales of hours.
In some cases, dramatic spectral and flux changes are interpreted as the
interplay between the relativistic jet and the accretion disk. We conclude
that, despite the distinct observational properties, the central engines of
RLNLS1s are similar to those of blazars.
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1. The Survey
As soon as the Fermi Large Area Telescope (LAT, Atwood et al. 2009) revealed
high-energy γ-ray emission from a handful of radio-loud narrow-line Seyfert 1
galaxies (RLNLS1s, Abdo et al. 2009a,b,c, Foschini et al. 2010), we searched
for more information about this type of AGN. Unlike their radio-quiet siblings,
RLNLS1s were poorly observed and studied, probably because they are faint at
all wavelengths. However, some pioneering surveys were carried out by Zhou
& Wang (2002), Komossa et al. (2006), Whalen et al. (2006), and Yuan et
al. (2008), the latter comprising 23 RLNLS1s with radio loudness at 1.4 GHz
greater than 100. After the Fermi discovery of high-energy γ rays, Foschini
(2011) performed a study on 76 NLS1s (46 radio loud, 30 radio quiet) based
on archival data, where there was a clear lack of information in some frequency
bands. In particular, only 60% of sources were detected in the ROSAT All Sky
Survey (X-rays).
To optimize our efforts, we focussed on a subsample of RLNLS1s, mainly
characterized by the flat or inverted radio spectral index (αr < 0.5, Sν ∝ ν
−αr),
although we have taken into account also those sources with a single-frequency ra-
dio detection1. In addition to what was available in public archives, we obtained
new observations with the X-ray satellites Swift (25 sources) and XMM-Newton
(3 sources). We studied also optical spectra from the Sloan Digital Sky Survey
(SDSS), complemented with new observations (2 sources) from the Asiago As-
trophysical Observatory (Italy). Here we present an extended summary of the
paper by Foschini et al. (2015). In addition, extensive multifrequency radio ob-
servations with high sampling rate of four γ-detected RLNLS1s are reported by
Angelakis et al. (2015), while Lähteenmäki et al. (in preparation) is performing
a high-frequency (22 − 37 GHz) radio survey. Infrared properties (WISE) have
been analysed in detail by Caccianiga et al. (2015). The parent population,
which comprises the sources with the jet viewed at large angles, was studied by
Berton et al. (2015a).
The distributions of masses of the central black holes and the luminosities
of the accretion disks are shown in Fig. 1, together with a sample of blazars
(FSRQs and BL Lac Objects) for comparison. It is evident that RLNLS1s cover
a previously unexplored part of that parameter space. This is crucial in the
unification of powerful relativistic jets from stellar-mass black holes and neutron
stars to AGN, as shown by Foschini (2014).
We found some interesting observational characteristics of RLNLS1s. About
17% of the sources (7/42) were detected at MeV–GeV energies2, with an average
spectral index αγ ∼ 1.6, similar to FSRQs (∼ 1.4). We detected about 90%
1We calculated the radio spectral index between 1.4 and 5 GHz when possible. When the latter
measurement was missing, we used any other frequency available. Half of the sources (21/42)
had only one detection at 1.4 GHz. After the publication of our work, Richards & Lister
(2015) observed at 9 GHz one of these sources (J0953 + 2836) and calculated a spectral index
of α1.4−9GHz = 0.5, which is still matching our requirements.
2After the publication of our work, D’Ammando et al. (2015) reported about the γ-ray detection
of one source of our sample, J1644 + 2619, thus increasing the detection rate to 19% (8/42).
Three new γ-ray detections of RLNLS1s – not included in the present sample – were reported
by Komossa et al. (2015), Liao et al. (2015), Yao et al. (2015).
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Figure 1. The parameter space of the luminosity of the accretion
disk and the mass of the central black hole for AGN with powerful
relativistic jets. FSRQs (red filled circles), BL Lacs (blue filled squares,
blue arrows for upper limits), RLNLS1s (orange stars; γ-ray detections
are indicated with filled orange stars).
of the sources (38/42) at X-rays (keV energies), but 3/4 of the undetected ob-
jects were never observed at X-rays and we found an upper limit in the RASS
only. The X-ray spectral index of RLNLS1s is similar to broad-line Seyfert 1s
(αX,RLNLS1 ∼ 1.0, αX,BLS1 ∼ 1.1) and in the middle between FSRQs and BL
Lac Objects (αX,FSRQ ∼ 0.6, αX,BLLac ∼ 1.3). The spectral energy distributions
(SEDs) of RLNLS1s showed that the X-ray emission could be due to inverse-
Compton emission either from the relativistic jet (non thermal) or the corona of
the accretion disk (thermal). This could explain why the average spectral index
is softer than that of FSRQs, where the X-ray emission is dominated by the jet
only. Infrared colours are typical of synchrotron emission, although there is a
significant overlap with the starburst region in the WISE color-color diagram
(see also Caccianiga et al. 2015).
Violent intraday variability – even on hour timescales – has been observed
in many sources in the sample at all wavelengths. In some cases, where a dense
multiwavelength coverage was available, we observed strong spectral changes in
the SED that could be explained by the jet-disk interplay. Radio measurements
indicate changes only in the Very Large Baseline Interferometer (VLBI) core, and
in a few cases, when compared to γ-ray lightcurves, suggested a link between the
rotation of the electric vector position angle (EVPA) and the emission at high
energy.
The calculated jet power is in the range 1042.6−45.6 erg s−1, generally lower
than blazars, yet consistent if normalised by the mass of the central black hole.
We conclude that RLNLS1s are similar to other AGN with a powerful relativistic
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jets. Specifically, they seem to be the low-power tail of the FSRQ distribution.
The small number of sources known today is likely due to either their low ob-
served luminosities or an on-off behaviour of the jet. Future observatories with
better sensitivities (e.g. SKA, Berton et al. 2015b), should reveal more sources
of this type.
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